Bio-fuels
A briefing note

"The fuel of the future is going to come from flike apples, weeds, sawdust — almost
anything. There is fuel in every bit of vegetabédter..."

Henry Ford, 1925
Executive summary

A wide variety of different agricultural crops cha turned into fuel for motor vehicles.

In different parts of the world, products as dieeas sugar cane, wheat and rapeseed are
used to make substitutes for petrol or diesel. &tiesls are usually mixed with
conventional fuels to make a blend, but some vekican now use pure, or almost pure,
vegetable oils and alcohols.

Governments are pushing bio-fuels for two main@aasFirst, they see these fuels as
helpful in increasing the security of energy sugmliSecond, governments believe that
bio-fuels help reduce greenhouse gas emissionghEse two reasons President Bush
promised significant new funds for new ethanol tedbgies in his recent (January 2007)
State of the Union address. Privately, governmeiitalso admit that bio fuels are good
for soaking up unwanted agricultural surpluses.

There are important questions over crop-based nfiodds

. In high latitudes, bio-fuels are generally expeadw produce. In
sunnier countries, this is much less true. Northweofuels generally
need subsidy to compete against petrol and diesel.

. The degree to which they genuinely avoid greenhgases is the
subject of vigorous debate. Some opponents claatbiofuels
produced in temperate regions of the world actualylt in more
greenhouse gas emissions than the fossil alteendiixen the optimists
for bio-fuels say that current technologies arey@tlout 30% better than
petrol.

. In order to produce a significant fraction of therld's fuel, fuel crops
would need to be allocated most of the land noarable production.
Even now, bio-fuels are competing with nutritionaés and pushing up
food prices.

. Nevertheless, there are real grounds for optimiSuncent bio-fuels
technologies usually use the 'food’ of the crofs @nd easily digestible
starches). Huge sums are being poured into techmslthat may
economically use almost all plant and animal wastekese
technologies ever work well, a large part of theld/s energy problem
will disappear. Another innovation uses the CO2ff@ower stations to
assist in growing prodigious qualities of algae #ra turned into fuels.



. The public policy issues are fascinating. Todaidsfbels do not
significantly improve energy security or hold bag&bal warming. But
they may help us build a dual-fuel infrastructunejuding retail petrol
pumps and cars that can run on fossil and planiegdbons. Do we
continue to subsidise the marginal technologiedaha today, or push
forward to cracking the problems of turning wast® iethanol?

Despite the reservations, the use of bio-fuelikédyl to grow substantially as a result of
government encouragement and increasing concearsbmate change. The UK, for
example, has directed suppliers to put 5% bio-furetee overall mix of motor fuel by
2010 Though this target is most unlikely to be rita$, causing a strong pick-up in
production activities and capital investment.

The global opportunity — can biomass be used to fua large part of the world's
vehicles?

(TW = Terawatt or one billion Kilowatts)

The world captures enough energy through photosgighn plants and trees to
completely fill all our energy needs

* Rate of energy storage in biomass 95 TW
* Consumption of energy through human activity ™

At the moment only about 15% of our energy needsectvom biomass

* Consumption of energy through human activity T
* Energy consumption in the form of biomass 1.7TW

We could comfortably capture at least half our gpereeds by exploiting plants

Consumption of energy through human activity WT
Biomass resources available for conversion to 2080 6TW

Food needs do not take a substantial fractiontaf momass creation

* Rate of energy storage in biomass 95 TW

* Human consumption of energy in the form of food 0.3TW

(Source: Amended from lecture notes of Professok Nelley of Oxford University)

The biofuels challenge is a simple one to staten®ésl to get as much as possible of our
global 12TW energy needs from plant matter, withshatupting the 0.3TW we need to

use as food. If economic and population growth icoet, these numbers will increase at
2-4% each year.



Fuels in the UK — the key numbers.

Total demand for motor fuels in the UK is aboutB@lion tonnes a year. About three
guarters of the total is sold at retail, with tlestrsupplied directly to commercial
customers. Petrol and diesel have about half ofrtakket each.. Latest figures suggest
that motor vehicles (cars, vans, buses and lomiesjesponsible for about 125m tonnes
of carbon dioxide in the UK each year, or just o2@%o of total CO2 emissions.

Improvements in energy efficiency have slightlyueed fuel consumption per mile
driven. Nevertheless, demand for motor fuels ismgng at about 1% a year as a result of
increasing numbers of cars and worsening congediranght transport mileage is
growing, however the average car is travellingghdly shorter distance each year. The
most recent data also suggests that UK new cardaye shifting away from larger
vehicles such as SUVs, and typical fuel econontgngling to improve as a consequence.

The large role that motor fuels play in the UK grieeuse gas inventory makes it an
important target for reduction. Bio-fuels are sasran important weapon. Currently,
however, they form less than 1% of the mix of fukighe US, the figure is about 3% of
petrol supplied to cars.

Proportions

Modern diesel cars can run well on mixtures uptteast 10% bio-diesel. In fact, bio-
diesel may improve engine performance and reduee.Wevertheless, 5% biodiesel is
the blend generally sold in the UK. This can bel sdlconventional pumps without any
labelling because the product is within the toleemnallowed for conventional diesel.
However, bio-diesel is not chemically identicafdssil diesel and provides about 10%
less power per unit volume. Those retail customevg buying a bio-diesel blend may
not be aware of the very small penalty in fuel ecop.

With small adjustments, cars and freight vehicks n on blends up to 100% bio-
diesel. In the UK and elsewhere, vehicles runnimd @0% bio fuel are generally using
waste vegetable oil from catering institutions. Dhservant will recognise these cars by
the slight odour of the fish and chop as they p&ssco is now running its lorry fleet on
50% bio-diesel, sold by its affiliate company Gresgy and made from rapeseed in a
refinery in the north east of England. Tesco'salekican refuel at its own depots so it
does not have to worry about the shortage of lonatat which this blend is sold.

Conventional petrol cars need new equipment iftheners want to use more than about
10% of ethanol by volume. Increasingly, car mantufieers are making 'flexible fuel' cars
that can accept varying proportions of ethanohapetrol. 85% ethanol ('E85’) is
increasingly the blend of choice in countries d&nt as Sweden and the US but
relatively few filling stations sell the produdtlodels sold as 'E85' will run on 85%
ethanol, but automatically switch to the settingscionventional petrol when the car's
tank is filled at an ordinary filling station. Amgrother changes, the injection system



puts a little more fuel into the cylinders evergley to compensate for the lower power
available from each sip of ethanol. Even in the th8re are still very few outlets selling
E85, so cars need to be adaptable. Brazil wilheditst country to get a complete
network of ethanol pumps for retail sale of fuel.

Manufacturing techniques

Biodiesel is usually made by processing rapesdeat sbya bean oil. Relatively limited
chemical changes make the food oils useful in aeotional diesel engine. (Indeed most
diesel engines can run on used vegetable oilgbtribm a domestic deep fat fryer
provided some minor fuel line components are chadnhde the US, most biodiesel is
made from soya, but in the UK rapeseed provideethastock

By contrast, bio-ethanol is a replacement for cotieaal petrol. It is usually made from
sugar cane, wheat or corn (maize). In the caserof the predominant feedstock in the
US, the kernels are ground up, starches are tungagars, and these are then fermented
turn into ethanol. The world's most advanced biaeanol market — Brazil — uses sugar
cane.

Thus biodiesel can be thought of as a modified e oil and bio-ethanol an alcohol
made from sugars. In both cases, the manufactprimgess is using an animal or human
foodstuff as the ingredient for a fuel. This is on@ant for two reasons: first, food is
valuable and, second, the land to productively gi@mod is in short supply.

Biodiesel has about 90% the energy value of falsgel but ethanol is slightly less than
70% as calorific. While modern diesel cars cananrmuite high concentrations of bio
fuel, the typical car on the road will only run percentages of ethanol lower than about
10%.

The big issues
Production costs

As background, at the end of January 2007, cruderaiise in refineries costs about 35p
a litre. Refining might add another 5p on to trestg making a total of 40p.

In the UK bio-diesel is subsidised by a duty rethrcdf 20p per litre. Therefore if
biodiesel costs about 60p a litre to make, it wdaddapproximately the same value to the
fuel companies as fuel derived from crude oil.

In the UK, the main supplier of bio-diesel, Gre@yerappears to make money on its
processing of sales of rapeseed into bio-diesédaat if its latest accounts are any guide.
The company has also attracted new investors italigear, suggesting that its business
model is reasonably robust. But at a cost 60pe litio-diesel needs a subsidy from fuel
duty reduction until the price of crude rises t@op$80 a barrel. Improvements in the
scale of the production plants and other cost realue may improve the underlying



competitiveness of the fuel. Certainly, the datafithe US suggests that ethanol now
costs less to make than it did ten years ago.

In Sweden, ethanol production appears to be sjighikaper than UK diesel but the fuel
is generally made from grain, which has increaseémtly substantially in price.

US figures for the cost of corn ethanol appeautygsst that the cost about 15p per litre,
or 20p if the lower energy value is taken into asdoThis figure is pushed down by the
subsidy for maize production, and the true cost waly be more than 50% higher than
this. This suggests, very broadly speaking, thdedging corn ethanol costs are about
the same as fossil petroleum at today's oil price.

Because of a poor data sources, these numbeittlarenbre than speculation. The key
point, we think, is that the economics of all biels in temperate countries are currently
dependent on decisions about government subsidsthehthe money flows through
agricultural support, or through reductions in fdety. In tropical countries, today's fuel
prices probably justify investment in the curreahgration of bio-fuels without any
subsidy.

Land use

In the UK, a hectare will produce about 1,200 $itod rapeseed-based biodiesel, as well
as several other low-value by-products. To meetdta# motor fuel demand of the UK,
about 38m hectares would need to be devoted tfukigsroduction. This is over 150%
of the land area of the UK, and eight times tha awarently devoted to all crops. A
densely packed country in the high latitudes canmext more than a small fraction of all
its fuel needs from the ‘food’ portion of cropssla sobering reflection on modern
energy needs that the UK can get most of its fowmagy from 4.4m hectares, but that its
cars and lorries would need eight times as muchadee us around.

Most commentators think that the UK will strugglerheet more than 5-10% of its fuel
needs from bio-crops. We also need to rememberctbps grown to be transformed into
motor fuels will tend to displace food crops. Tl either result in more flows of
imported food or will cause countries like the UkKlring in marginal land into
production, which characteristically need higheuts of fossil fuel based fertiliser. One
of the two major UK producers of bio-diesel indesthat it already uses 10% of the
country's entire output of oil seed rape.

In the US, the issues are already beginning torbeoasible. The price of corn is rising
as production is sucked into the ethanol factoaed,away from use as a human and
animal food. 20% of all US maize is now converteid iethanol though this only
produces about 3% of all car fuel. Very approxiryat@dding 1% to this figure requires
another 1% of the land area of the US. Even inrna kaege country that is much less
densely populated than the UK, the expansion arethproduction is going to stretch
the availability of decent quality farmland.



In the US, corn will currently produce about 3,7@@s of ethanol a hectare. The higher
temperatures produce higher yields than in thetb#igh it is important to remember
that ethanol has a lower energy content per liag bio-diesel.

Air quality

In large portions of urban areas, air quality i$ aioa standard that avoids increased
respiratory and other diseases. Bio ethanol arektare both significantly better at
maintaining air quality, though diesel will slighihcrease emissions of nitrogen oxides.
Particularly for public transport operators, thesrgtrong reason to use biofuels in the
centre of cities. UK operators such as Stagecoaeh bommitted to purchasing a 5%
biodiesel blend. In theory this ought to have gsligreduced the efficiency of
Stagecoach's vehicles, but it reports no impaduehconsumption.

Global warming implications

The diagrams produced by the proponents of bioywtsdall show a neat cycle of
carbon. Energy from the sun is captured by the grgwlant through the photosynthesis
process. The vegetable is processed and turnetusltdn the form of vegetable oil or
plant alcohol (ethanol) the fuel is then burntimeamgine which returns the sequestered
carbon to the atmosphere. The drawings are nicthbugality is far from as simple.

Greenhouse gases are created during the prodactbprocessing of fuel crops at every
stage of the production cycle.

. Crops grown in temperate lands, such as the UKJ hegh inputs of
nitrogenous fertiliser. This fertiliser is madengsi process that
employing natural gas. A tonne of fertiliser migieeed 15,000 kilowatt
hours of energy to make. (1% of the world's enésgysed to make
nitrogen fertilisers).

. The application of nitrogen fertiliser to the spibduces a small amount
of nitrous oxide as a result of chemical reactidfigous oxide is a very
powerful global warming gas, of approximately 300es the effect of
carbon dioxide, so even the small quantities predutave an important
effect. Agriculture is the most important land-tdiseurce of nitrous

oxide.

. Farming processes such as tilling, ploughing, hetiwvg and drying use
fossil fuels.

. Transport of the crops needs diesel fuel

. The manufacturing processes need substantial asiotiakternal

energy to produce the finished fuel.

The arguments rage on whether bio fuels grownghénilatitudes add or reduce the
greenhouse gas emissions. Most observers beliavbithcrops save some CO2. A
saving of 30% CO2 might be a typical estimate.



However these estimates generally exclude theteffadtrous oxide emissions from
fertiliser use. The Intergovernmental Panel on @tenChange originally suggested that
emissions of nitrous oxide might average about 1%heoriginal weight of the fertiliser
but this body put extremely wide limits around thsimate. Nitrous oxide emissions
have only recently been measured with greater acgurMore recently, work in the UK
and elsewhere suggests that the real figure miglsthigh as 2%. Given that nitrous
oxide is 300 times as powerful as carbon dioxidis, thakes a huge difference to the
estimates of the net global warming effect of hiets.

Furthermore, these calculations do not make thememanding comparison as to
whether the land used for bio-fuels would not béedseemployed to sequester carbon in
the form of permanent tree cover. As with so mathyeothings, the science of this is not
yet settled, but it may well be better for the gibdtmosphere for marginal land to be
given over to tree-planting rather than fuel prdoturc

In tropical countries, such as Brazil, crops suelugar cane can be grown with a much
higher yield than rapeseed in the UK. Recent figsgggest that Brazil can make 6,000
litres of ethanol from a hectare of sugar cane fimes the output of a UK rape field.
Cane also requires less processing because igedyasugar in the field and does not
need to be converted from starch. As we shownars#ttion on product economics, this
means ethanol can be competitive per mile driveh petrol, but only in countries with
sufficient sun to create good yields of sugar@irtcrops. By contrast biodiesel in the
UK or ethanol in Sweden will require substantiddsidy unless oil prices or petrol duties
increase very substantially.

Technology changes
Bio-butanol

BP and other fuel producers are interested in ngpaimay from ethanol and towards
butanol. A joint UK venture between BP and DuPoilitpvoduce the butanol from a
modified ethanol plant. BP says that butanol bez@usas an energy value similar to
petrol, can be put into pipelines and integratesilyeato existing distribution systems
and has fewer potential problems with water comantion. All in all, this means that
present cars can be comfortably run on a mixturgodb 16% butanol by volume. The
companies see wheat as the best feedstock frobhmut this invites the question as to
whether the current generation of biofuels will @dbely affect the consumer price of
foodstuffs. Rapeseed is a crop largely grown bexatiEU subsidies in the UK, rather
than because of market need. But wheat is an impioirigredient of supermarket
foodstuffs and has increased substantially in pecently as a result of Australian
drought and changing tastes in Asia.

Cellulosic ethanol



In the US and elsewhere, the race is on to usardied wastes from agriculture and
forestry to make ethanol at competitive pricessThakes obvious sense. If a company
can use sawdust, straw, animal manure, waste foooh frocessing or even discarded
paper as a feedstock, the raw materials costbwilbw, the need for additional land and
extra fertiliser non-existent and the product wal inflate the price of food. And even if
waste doesn’t work, low value crops such as trégisses can produce very much
ethanol from a hectare of land than we can get frtaize cobs.

The obstacles lie in the chemistry of the propas&dmaterials. The structures of plant
matter are largely built in cellulose, a tough matehat is extremely difficult to break
down. Sugars can be fermented easily (and haveusszhto make alcoholic drink since
the dawn of human existence) but cellulose refastisentation. It needs to be chemically
split by heat, acids or enzymes before it releasgars that can be fermented into
ethanol.

If it proves possible to convert large volumes @fidosic material into ethanol, the
yields per acre may be six times as great as thenas from food starches, at least if US
estimates prove accurate. Instead of creating a2846g in carbon output, the high
yields and very low requirements for fertiliser m@apduce an 80% advantage from
cellulosic conversion. This is not just standangestor optimism. Even normally
cautious US government laboratories are interantéte carbon saving benefits of
ethanol from waste.

Th Argonne National Laboratory puts it as followisen talking about the pilot plants.

Conventional ethanol produced 20 to 30 percent f@mgssions
than gasoline, while cellulose ethanol producep&@ent fewer
emissions — a much more noticeable improvemenb,Alsice
this form of ethanol is produced mostly from wastes far more
economical to produce.

Finding cost effective (and energy efficienct) waybreaking down cellulose is one of
the most interesting technical challenges in thddsoday. The billionaire US venture
capital investor Vinod Khosla has placed a numibéarge bets on different approaches
to the problem and the companies working on thasgng techniques.

. Celunol, using microbes to assist in the fermeogprocess

. Kergy, heating biomass in the absence of air tdyre hydrogen and
carbon monoxide, which are then recombined intareih

. E3 Fuels, at a huge integrated cattle and corn, faonr manure

produces methane to power the fermentation pro€elss.interest in
this approach is its energy efficiency rather thsechniques for
breaking down cellulose).

. Mascoma, new enzymes for breaking down agricultwestes.



None of these companies - or the twenty or so sttt are working furiously to
be first to market - has demonstrated successhalymtion of large amounts of
ethanol from cellulosic materials. This is probajoigt a matter of time, though
some scientists remain acutely sceptical. Whenjfatite breakthrough comes,
the consequences should include a substantiahfdile energy cost of making
the fuel that power vehicles. DuPont, which hasstantial interests in the field
of bio-fuels, says that it expects significant autfsom cellulosic ethanol plants
‘within the 2011 to 2013 timeframe'.

Ethanol from algae

In another example of a technology that is trymg$e waste material to create bio-fuels,
a couple of US companies are completing work onuwraqg CO2 from power stations
and then feeding the gas across beds of algae mgawtubes. Combined with natural
light, carbon dioxide is a powerful fuel for orgam growth and hugely speeds up the
growth of the algae, which can then be turned lmbediesel and ethanol. Yields from
this process are likely to be extremely high pet ahland used to grow the algae.
Cellulosic conversion may produce 25,000 litrefuef each year from a hectare of
space, but proponents talk of CO2-boosted algaiogeover 150,000 litres of ethanol
and diesel. This process will avoid the overcrowdmat is likely to result from
conventional crops being diverted from food to ggarse. The technology is exciting
high levels of interest but is still only at anlgatage of development.

Flexible fuel vehicles

Conventional petrol cars need new equipment iftheners want to use more than about
10% of ethanol by volume. Diesel cars are more tadbdgy, but still need adjustments if
the vehicle is to run for a sustained period onbilegproduct.

Increasingly manufacturers in Brazil, the US arsgelhere are producing new vehicles
that run on varying concentrations of ethanol. Medeld as 'E85' will run on 85%
ethanol, but automatically switch to the settingscionventional petrol when the car's
tank is filled at an ordinary filling station. Amgrother changes, the injection system
works out the strength of the mixture and putstke Imore fuel into the cylinders every
cycle to compensate for the lower power availatdenfeach sip of ethanol. Even in the
US, there are still very few outlets selling E85 cars need to be adaptable.

Subsidies, lobbying and global trade politics

The bio-fuels industry sits at the centre of sorine world's most difficult political
issues. Climate change, energy security and tha&dyubf farm outputs are all issues that
are touched by the raging bio-fuel debates. Ih#azllong rush to bio-fuels forcing up
the price of corn breads for the poor in countlilkess Mexico? Is the European scheme
for mandating proportions of ethanol or bio-digsst a backdoor way of subsidising



inefficient farmers? Does the extra fertiliser usgdrow bio-fuels make a net addition to
greenhouse gases? The list of debates surroundiffgdds is long and the questions are
far from settled.

One perfect example is the impact of the EU's rexmdavfuel obligation regulations,
which demand that 5% of all fuels sold are madmftaological sources. One of the
main impacts of this rule has been to raise thentees for tropical farmers to cut down
forest and replace it with palm plantations in ordeharvest more palm oil, which can
be used for bio-diesel in Europe. While the arguinséiih rages as to whether it makes
sense to reforest northern Europe, no-one deraé$rtdpical woodland is extremely
important to the maintenance of a stable climale Unfortunate fact is that if we get our
bio-fuels by importing from South Asia, the net mgpon the global atmosphere is
almost certainly detrimental.

We have referred already to the observable effettteoethanol boom on corn prices in
North America. At first sight, this looks a goodtcame — farmers that struggled to
survive through the 1990's are now getting a bettiee for their product. But the impact
is being felt on the prices of food that use caa@a ingredient. Farmers are switching
their production to corn in response to prices,chtiends to decrease the output of
alternative crops such as soya beans.

In the UK and the rest of Europe, the painful restarction of the Common Agricultural
Policy and the gradual withdrawal of export sulessdior commaodities such as sugar,
means that governments have been tempted to séaeisoas a way of propping affected
farmers. It is probably no coincidence that thstfK bio-ethanol plant has come into
production using sugar beet that would otherwiseslieen turned into sugar and
dumped abroad. What looks like climate virtue fribra UK government may actually
often be old-fashioned subsidy politics.

The plausible solution to the urgent need to oficedthe net carbon output from vehicles
- other than a reduction in the demand for motefsuwising tax increases - is the
development of cellulosic or algae-based bio-fodlstries. Only if fuel doesn't take
extra land, disrupt commodity markets or requirecs subsidy will it meet our climate
change, energy security and food availability ne&te problem is that scale cellulosic
ethanol production is almost certainly ten yearayawhich time world's motor fuel
needs will have gone up by another twenty per aentore.
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